(E 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



( ii) EP 0 802 071 A1 

EUROPEAN PATENT APPLICATION 



(43) Date ol publication; 

22.10.1997 Bulletin 1997/43 

(21) Application number: 97302650.3 

(22) Date of filing 18.04.1997 



(51) mici.6 B44C 1/17, B41M 3/12, 
C04B 41/45 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority 19.04.1996 JP 97873/96 
15.07.1996 JP 184324/96 
15.07.1996 JP 184350/96 
30.07.1996 JP 200231/96 

(71) Applicant NGK SPARK PLUG CO., LTD 
Mizuho-ku Nagoya-shi Aichi (JP) 



(72) Inventors: 

• Sugimoto, Makoto 

14-18 Takasuji-cho, Mizuho-ku, Nagoya (JP) 

• Ito, Hirohito 

14-18 Takasuji-cho, Mizuho-ku, Nagoya (JP) 

(74) Representative: Senior, Alan Murray 
J. A. KEMP & CO., 
14 South Square, 
Gray's Inn 

London WC1R 5LX (GB) 



(54) A transfer sheet, a method of transferring a design therefrom and a ceramic product on 
which the design is printed 



(57) in h trnnster shec; <50ri) and n method of trans- 
ferring a design to a ceramic product, an ink is provided 
by mixing a chromophonc pigment tor expressing a de- 
sired coloration, a vitreous powder and thermoplastic 
resin A sheet of paper or plastic film (5) is prepared on 



which an appropriate design (7 cm is screen punted with 
me use of trie ink lu iransiei u iu an w»tji — - 

ceramic product. A thermoplastic separable layer (6) is 
provided between the mount sheet (5) and a pigment 
layer (7,8) The pigment layer (7,8) is coated with an ad- 
hesive layer (9) 
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Description 

The invention relates :o a transfer sheet ard a method of transferring a design comprising one or more colours 
onto a ceramic product from the transfer sheet The ceramic product may be a spark plug irsuiator semiconductor 
5 baseplate nee bowl, dish plate flower vase . por.ery. toilet stool and the like wh le the design may concern a geometric 
figure letter numeral, ideogram symbol denotation mark pattern and the like 

In a prior method in wmcn a design pattern of a single or plurality of colorations is printed on a ceramic product 
the following have been introduced 

•° (i) A transfer sheet is prepared on which a pigment layer is deposited tc draw an approonate design The transfer 

sheet thus prepared is dipped into water to separate the pigment layer from the transfer sheet After desiccating 
the pigment ,ayer thus separated the pigment layer is printed on a ceramic product at the time cf sintering the 
ceramic product 

In this instance it is supposed that this process invites cracks on the ceramic product after finishing the sintering 
? 5 procedure due to a residual aqueous component and at the same time inviting a degeneration in the design due 

to the heat provided during the sintering procedure thus restricting the use practically to a tableware such as a 
rice bowl tea bowl, dish plate and the like 

(ii) An ink is prepared with a chromophonc pigment while preparing a rubber stamp in which a merchandize mark 
is sculptured After dippirg the stamp into the ink the stamp is pressed on an outer surface of a ceramic product 
20 (eg spark plug insulator) to impress the mark on it 

This process has advantages in that it generally invites no cracks on the ceramic product upon finishing the sintering 
procedure and at the same time inviting no adverse affect on the design due tc the heat produced during the sintering 
procedure 

2S However the process has drawbacks in that it is physically difficult to produce the design of different colorations 

in addition to the merchandize mark being blurred 

In order to obviate the drawbacks the present invention is made with the inventor's concept as mentioned below 
in mind 

As shown in Fig 1 0, pigment layers 1 02, 1 03 are screen printed on a mount sheet 1 01 to provide a transfer sheet 
30 100 on which an appropriate design is made 

The transfer sheet 100 enables to clearly imprint the design of different colorations on the outer surface of the 
ceramic product in the following manner 

Firstly, the transfer sheet 100 is tightly pressed on the heated ceramic product. While pressing the transfer sheet 
100 on the product, the pigment layers 102, 103 are thermally melt to transfer them to the ceramic product from the 
35 sheet 100 The ceramic product is sintered at a temperature of over 600 °C to thermally imprint the pigment layers 
1 02, i03 on the ceramic product 

However the pigment layers 102, 103 may partly remain on the mount sheet 101 to invite an insufficient transfer 
with the pigment layers 102, 103 unfavorably blotted due to a poor separability between the mount sheet 101 and the 
pigment layers 102 ; 103 This is all the more true when the transfer temperature falls ouside of an optimal temperature 
JO range 

In order to facilitate the separation, it is supposed to conceptually provide a separable layer 101 A between the 
mount sheet 101 and the pigment layers 1 02. 103 as shown in Fig 11 

However, an undulating surface of the ceramic product defoliates a pan: of the pigment layers 102 103 to result 
in transfer defections during transferring procedure generally at the rate of about ten out of one hundred products 
45 In order to eliminate the transfer defections, it is suggested to minutely grind the outer surface of the ceramic 

product, otherwise smoothing it by applying an enamel over it It is, however, costly to treat additionally with the time- 
consuming procedures 

In each ol the above transfer processes, it often occurs that the pigment layers fail to completely adhere to the 
outer surface of the ceramic product. This is especially the case with an outer periphery of the pigment layers 
50 Therefore, it is a first object of the invention to provide a transfer sheet which is capable of positively transferring 

a design of different colorations to an outer surface of the ceramic product 

In this instance, the design concerns to a geometric figure letter numeral ideogram, symbol, denotation, mark 
pattern and the like, and any ceramic product can be used herein whether it is in the form of curved or flat body 

It is a second object of the invention to provide a method of transferring a design which is capable of positively 
55 transferring the design of different colorations to an outer surface of the ceramic product 

It is a third object of the invention to provide a transfer film which is capable of positively transferring a design of 
different colorations to an outer surface of the ceramic product 

It is a fourth object of the invention to provide a transfer sheet which is capable of positively transferring a design 
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of different colorations to an outer surface of the ceramic product within a wide range of transfer temperature when 
the transfer sheet is pressed on the ceramic product to transfer the figuration to it 

It is a fifth object of the invention to provide a transfer sheet which is capable of positively transferring a design of 
different colorations to the ceramic product with no defects and without grinding it or smoothing it by applying an enamel 
s layer thereon 

it * a sixth object of the invention to provide a transfer sheet which is capable of positively transternng a design 
of different colorations to an outer surface of the ceramic product without an outer periphery of the pigment layer 
remaining on the transfer sheet upon separating the mount sheet from the pigment layer. 

The design to be transferred to the ceramic product is also referred to as a figuration. 
w According to the present invention, an ink is provided by mixing a chromophoric pigment for expressing one col- 

oration a vitreous powder and thermoplastic resin. An appropriate figuration is screen printed on a sheet of paper or 
plastic film to form a pi gment layer by using the ink. Then, a discrete chromophoric pigment is printed on the same 
sheet to form another p ig ment layer. The same procedures are repeated to provide a transfer sheet on which several 
pigment layers are deposited 

is With the use of the transfer sheet, it is possible to definitively transfer a figuration of different colorations to an 

outer surface ol a ceramic product 

According to another aspect of the present invention, the transfer sheet is tightly pressed on the outer surface ol 

the ceramic product to transfer the figuration thereto while a ceramic product is heated at a first temperature, the 

figuration from the transfer sheet is printed on the ceramic product at a second temperature. 
20 * With Ihe use of the transfer sheet, it is possible lo positively transfer a figuration of different colorations on the 

outer surface of the ceramic product. 

According to other aspect of the present invention, when the ceramic product is in the form of revolving body, it is 

possible to readily transfer the figuration of different colorations to the ceram ( c product while revolving the ceramic 

product around its central axis. 
25 According to other aspect of the present invention, the ceramic product is sintered at 600 °C or more so as to 

concurrently print the figuration ink on the product after the transfer sheet is pressed on the ceramic product while 

heating the ceramic product to 60-150 °C. It is possible to positively and definitively transfer a figuration of different 

c -,j,~,r^tion c t- t^p out^r surface of the ceramic product 

~" T.Vlobe observed that when t.hn hnating temperature of Ihc ec-ami- product e. h ort of 60 the thermoplastic 
30 material is not satisfactorily thermoplasticized, thus failing to fully transfer the figuration to leave the possibilty that 
figuration ink might fall off easily. When the temperature to heat the ceramic product exceeds 150 °C, an organic 
ingredient of the figuration ink begins to melt or decompose, thus making it difficult to normally transfer the figuration 
ink thereto When the printing temperature is short of 600 °C, the thermoplastic ingredient partly remains on the product 
so as to blot its appearance. 

35 According to other aspect of the present invention, it enables to definitively print on the ceramic product by different 

colorations, thus bettering its appearance to attract consumers. It is noted that the transfer procedure has no significant 

effect on a good performance which the ceramic product originally has attained. 

According to another aspect of the present invention , there is provided a transfer sheet comprising a mount sheet; 

one or more pigment layers; and one or more layers comprising a thermoplastic material. One of the one or more layers 
40 comprising a thermoplastic material may be a separable layer provided between the mount sheet and the one or more 

pigment layers, or may be an adhesive layer overlying the one or more pigment layers, or may be one or more of the 

pigment layers, or may be the mount sheet itself 

According to another aspect of the present invention a separable layer is prepared with a thermoplastic material 

as a mam constituent so as to he formed on the mount sheet One or several pigment layers are deposited on the 
^ separable layer alone, isolated or in overlapped relationship in this instance, the separable layer thermoplasticizes at 

a temperature lower than a temperature the pigment layer does 

By pressing the transfer sheet on the ceramic product at a transfer temperature, the softened separable layer 

makes the thermoplastic ingredient rich in fluidity to reduce a bondage stiength between the mount sheet and the 

sepaiabie layei thus mak.ng it possible to reaaily transfer the pigment layer to me ceidi.iii pioduU By heating the 
so r^ramic product to a printing temperature, it is possible to definitively imprint the pigment layer on the outer surface of 

the ceramic product 

From the reason that the separable layer facilitates to separate the pigment layer from the mount sheet it is possible 
to positively transfer the design layer with no significant defection within a wide range of the transfer temperature. 

According to other aspect of the present invention, the separable layer is prepared with a thermoplastic material 
55 as a mam constituent so as to be formed on the mount sheet. The separable layer thermoplast.cizes at a temperature 
lower than a temperature the pigment layer does Each of the pigment layers places its lower surface on the separable 
layer or placing the lower surface on a lower one of the pigment layers 

By pressing the transfer sheet on the ceramic product within the range of the first predetermined temperature, the 
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softened separable layer makes the thermop!as:ic ingred en: rich in fluidity to reduce a bondage strengtn between the 
mount sheet and the separable layer thus maKing it oossible to readily transferthe pigment layer to thece^amic product 
By heating the ceramic product within the range of a second predetermined temperature it is possible to de'mi'ively 
print the pigment layer on :he outer surface of the ceramic product 
s According to other aspect of the present invention :he design layer is a figuration screen printed on a transfer 

shee: by an irk mixed with the chromophonc pigment a vitreous powder and thermoplastic resin and the pigment 
layer thermoplastici2es at a temperature higher than tne separable layer does 

By pressing the transfer sheet on the ceramic product witnm the range of the first transfer temperature the softened 
separable layer makes the thermoplastic ingred ent rich in fluidity to reduce the bondage strength between the mount 
sheet and the separable laye r thus making it possible to readily transfer the pigment layer to the ceramic product 

By heating the ceramic proauct within the range of a second printing temperature it enables to definitively print 
the pigment layer by different colorations on the outer surface of the ceramic product 

According to other aspect of the present invention one or several pigment layers are deposited on the mount sheet 
alone isolated or in overlapped relationship An adhesive layer is prepared by a thermoplastic material to coat the 
15 pigment layer so as to form a transfer sheet 

The transfer sheet is pressed on the outer surface of the ceramic product via the adhesive layer With the pigment 
layer reinforced by the thermoplastic adhesive layer, the pigment layer is favorably transferred to the outer surface of 
the ceramic product without defection in the presence of undulated outer surface of the ceramic product After sepa- 
rating the mount sheet from the transfer sheet, the pigment layer is printed on the ceramic product at the time of 
?o sintering it 

According to other aspect of the ptesent invention, one or seveial pigment layers are deposited on the mount sheet 
alone isolated or in overlapped relationship The pigment layers are coated with a thermoplastic adhesive layer to 
form a transfer sheet 

The transfer sheet is pressed on the outer surface of the ceramic product via the adhesive layer The transfer 
temperature causes to reduces the bondage strength between the mount sheet and the pigment layer With the pigment 
layer reinforced by the thermoplastic adhesive layer, the pigment layer is favorably adhered to the outer surface of the 
ceramic product without defections in the presence of undulated outer surface of the ceramic product After separating 
the mount sheet from the transfer sheet, the pigment layer is positively printed on the ceramic product at the printing 
temperature 

30 According to other aspect of the present invention, a thermoplastic separable layer is provided on the mount sheet 

Preferably, the separable layer thermoplasticizes at a temperature lower than the pigment layer. 

One or several pigment layers are deposited on the separable layer alone, isolated or m overlapped relationship 
The pigment layers are coated with the thermoplastic adhesive layer to form a transfer sheet. 

The transfer sheet is pressed on the outer surface of the ceramic product via the adhesive layer The transfer 
•35 temperature causes to facilitate fluidity of the thermoplastic separable layer so as to reduce the bondage strength 
between the mount sheet and the separable layer This makes it possible to readily stick the adhesive layer to the outer 
surface of the ceramic product totransfer the pigment layer to it by separating the mount sheet from the separable layer 
With the pigment layer reinlorced by the thermoplastic adhesive layer the pigment layer is favorably transferred 
to the outer surface of the ceramic product without defection in the presence of undulated outer surface of the ceramic 
4 o product. 

With the separable layer facilitating separation of the pigment layer from the mount sheet, it is possible to positively 
transfer the pigment layer to the ceramic product within a wide range of transfer temperature 

After separating the mount sheet from the transfer sheet, the pigment layer is positively and definitively transferred to 
the ceramic product. 

45 According to other aspect of the present invention, it is possible to represent the pigment layer by a desired col- 

oration at the printing temperature since the pigment layer is prepared with a chromophonc pigment made of metal or 
metallic compound By selecting types of the chromophonc pigment, it is possible to express figuration design by one 
or different colorations. 

According to other aspect of the present invention, it is possible to represent the ceramic product by a spark plug 
so insulator, semiconductor base plate, rice bowl, dish plate, flower vase, pottery and toilet stool, while representing the 
pigment layer by a geometric figure letter, numeral, ideogram, symbol, denotation, mark and pattern 

According to other aspect of the present invention one or several pigment layers are deposited on the separable 
layer alone isolated or in overlapped relationship without protruding out of an area of the separable layer An adhesive 
layer is deposited to coat an entire area of the pigment layer without protruding out of an area of the separable layer, 
55 The transfer sheet is pressed on the outer surface of the ceramic product at a temperature which enables to render 

the separable layer rich in fluidity thus reducing the bondage strength between the mount sheet and the separable 
layer By separating the mount sheet, it is possible to transfer the pigment and separable layers to the ceramic product 
without defection At the printing temperature, it enables to positively and definitively print the pigment layer on the 
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ceramic product. 

Among the layers each area of these layers is represented by separable layer ^ adhesive layer >■ pigment layer 
Namely, the adhesive layer resides within the separable layer, and the pigment layer resides within the adhesive layer 

This makes it possible to positively separate the pigment layer and the adhesive layer from the mount sheet to 
s adhere them to the ceramic product without residing a part of the pigment layer on the mount sheet when separating 
the mount sheet from the pigment layer. This leads to positively transferring the pigment layer to the ceramic product 
so as to avoid the transfer defections 

According to other aspect of the present invention, the separable layer thermoplasticizes at a temperature lower 
than a temperature the adhesive layer and the pigment layer do respectively When the transfer sheet is pressed on 
10 the ceramic product at a temperature which renders the separable layer rich in fluidity, the separable layer begins to 
thermoplasticize to reduce the bondage strength between the mount sheet and the separable layer, thus positively 
adhering the pigment layer and the adhesive layer to the ceramic product without defection when separating the mount 
sheet off the transfer sheet 

According to other aspect of the present invention, the transfer sheet is pressed on the ceramic product of revolving 
is body at the transfer temperature in which the separable layer is softened enough to print the pigment layer while 
revolving the ceramic product around its central axis. 

At the transfer temperature, it enables to thermoplasticize the separable layer so as to reduce the bondage strength 
between the mount sheet and the separable layer thus positively adhering the pigment layer and the adhesive layer 
to the ceramic product respectively without the defections upon separating the mount sheet from the transfer sheet. 
2Q Then, the pigment layer is positively and definitively printed on the ceramic product when the ceramic product is heated 
to the punting temperature. 

Of course the above aspects of the invention may be combined. 

Embodiments of the invention will now be described, by way of example only, with reference to the drawings in 
which: 

25 

Fig 1 is an elevational view of a design layer transferred to a spark plug insulator according to a first embodiment 
of the invention; 

Fiq 1a is a schematic view of the spark plug insulator on which a transfer sheet is pressed while revolving the 
.n< ! later 

30 Fig 2 is a iongitudinai cross sectional view of a transfer sheet according to a second embodiment of the invention 

Fig 3 is a longitudinal cross sectional view of a transfer sheet according to a third embodiment of the invention: 
Fig. 4 is a longitudinal cross sectional view of a transfer sheet according to a fourth embodiment of the invention: 
Fig. 5 is a longitudinal cross sectional view of a transfer sheet according to a fifth embodiment of the invention: 
Fig. 6 is a longitudinal cross sectional view of a transfer sheet according to a sixth embodiment of the invention, 

35 Fig. 7 is a longitudinal cross sectional view of a first modification transfer sheet; 

Fig. 8 is a longitudinal cross sectional view of a second modification transfer sheet; 
Fig 9 is a longitudinal cross sectional view of a third modification transfer sheet; and 

Figs. 10,11 are longitudinal cross sectional views of conceptionai transfer sheets on which the inventor relies when 
making the present invention. 

40 

Referring to Fig 1 in which a design layer transferred to a spark plug (A) according to a first embodiment of the 
invention. The spark plug (A) has a cylindrical metal shell 1 in which an insulator 2 is firmly placed whose inner space 
serves as an axial bore 20. Within the axial bore 20, a center electrode 3 is placed to extends its Iront end beyond an 
insulator nose 21 To a fiont end 11 of the metal shell 1 . an L-shaped ground electrode 4 is resistance welded so that 
^ its front firing ena faces a iront end of the center electrode 3 

The metal shell 1 is made of low carbon steel and having an outer surface 131 provided with a male thread 13 
a hexagon 15 and a barret portion 14 around which a gasket 12 is provided. By applying a wrench to The hexagon 15. 
Ihe metal shell 1 is to be mounted on a sciew hole which is provided with a cylinder head of an internal combustion 
engine i^eacti not shown j by way ot the gasKet '\d 
so The insulator 2 is made of a sintered ceramic body with alumina as a main constituent The insulator 2 has the 

i! |>uidl-ji f iu6t 2 t i>ul I ^U! lUfcd by d Ik.j1 i mi \f\ i 1 l"i ti'iC i nciiC th i CciC 1 ^ .3 p ' Z v id GC T ~ C >' ■, 3^ ! t .I, ^ ' * 'J Tth C ' ^.AZ A " C JO* 

column 22 provided with a corrugation 221 , and having a diameter increased portion located inside the hexagon 15 
and the barrel portion 14. 

The center electrode 3 is made of a nickel based alloy in which a copper core is embedded A front tip 30 of the 
55 center electrode 3, which is thinned as small as 0.6 mm in diameter, has a nobie metal such as an indium based alloy, 
platinum-indium based alloy or the like. 

On outer surface 200 of the head column 22 of the insulator 2 except for a portion in which the corrugation 221 is 
provided, a yellow ribbon and red colored numeral are to be printed as transfer marks as designated at 23. 24 



5 



BNSDOCID <EP 0802071 Al I 



10 



15 



EP 0 802 071 A1 

With reference to Table 1 a method of transferring these transfer marks is as follows 

Table 1 



transfer mark 


red 


yellow 


constituents of pigment 


CdS SO wt°-o 
Se 20 wt u o 


Pb 3 0 4 60 wl°o 
Sb 2 O s 40 wt°o 


constituents of vitreous material and pigment 


PbO-Si0 2 SSw;°o 
pigment I2wt% 


D bO-S0 2 S5wt°o 
pigment 1 5wt°o 



(1 ) The pigment powder and PbO-Si0 2 based glass are mixed to form a mixture as shown at Table 1 An average 
grain diameter of the pigment powder is 15 jam in each of the constituents To a 50 volume part of the mixture 
thus treated a 50 volume part of acrylic solution and a 50 volume part of a-terpmol are added to mix and knead 
them to provide a transfer ink (red and yellow) An addition of a-terpinof is adjusted with its viscosity into consid- 
eration since it affects on workability in a subsequent printing step 

The constituents of the PbOSiCu glass are PbO (41 wt%). Si0 2 (35 wt%). B 2 0 3 (15 5 wt%) ; CaO (3 0 wt%). 
K 2 0(1 5wt°o). Na 2 O(10wt%) MgO(1 0 wt%) and Al 2 0 3 (2 0 wt%) An average grain diameter of the PbO-Si0 2 
glass powder is 1 7 u.m in each of the constituents 

(2) Upon preparing the transfer marks the red transfer ink is deposited on a polyester film by a screen printing 
method to form a pigment layer for expressing the red colored numeral 24 Then, the red colored numeral 24 is 
desiccated at 120 °C for approx for 20 minutes On the same polyester film, the yellow transfer ink is deposited 
by the screen printing method t-o form another pigment layer for expressing the yellow ribbon 23 in the manner 
to partly overlap the red colored numeral 24 Then, the yellow ribbon 24 is desiccated at 120 °C for approx for 20 
minutes to form a transfer sheet 49. 

(3) Upon transferring these transfer marks, as shown in Fig la, the transfer sheet 49 is pressed on an outer surface 
200 of the insulator 2 which is heated at approx SO °C in advance while revolving the insulator 2 around its central 
axis 

(4) Finally, the transfer marks on the insulalor 2 are healed lo approx. 850 °C to print both the ribbon 23 and 
numeral 24 on the outer surlace 200 of the insulator 2. 



55 



It is to be observed that after inserting the center electrode 3 into the axial bore 20 of the insulator 2 on which the 
transfer marks are printed, a first glassy powder, a resistor element and a second glassy powder (each not shown) are 
in turn supplied into a rear end of the axial bore 20 of the insulator 2. While heating the insulator 2 at 900 °C for 15 
minutes, a terminal electrode 31 is forced into the axial bore 20 to be vitreously sealed with the center electrode 3. 
Subsequent to the process, a rear end of the metal shell 1 is caulked against a shoulder portion which is defined on 
the insulator 2 so as to complete an assemble of the spark plug (A) 

According to the embodiment of the invention, the yellow ribbon 23 and the red colored numeral 24 are definitively 
printed on the outer surface 200 of the insulator 2 without inviting blots thereon This improves an appearance of the 
insulator 2 to attract customers to stimulate their purchasing incentive when displaying the spark plug (A) in a dealer's 
shop It is found that printing the transfer marks on the insulator 2 has no significant affect on a good performance that 
the insulator 2 originally has attained. 

As described above, the transfer sheet 49 is pressed on the insulator 2 at approx 80 °C while revolving the insulator 
2 around its central axis Then the insulator 2 is heated to approx 850 °C to print the ribbon 23 and numeral 24 on 
the outer surface 200 of the insulator 2. 

This makes it possible to simultaneously print the ribbon 23 and the numeral 24 by different colorations on the 
insulator 2 so as to complete the transfer procedure quickly with a minimum possible cost 

It is to be noted that since the thermoplastic material is fully thermoplastictzed when heating the insulator 2 to 80 
°C, it is possible to satisfactorily transfer the marks at the time of pressing them on the insulator 2 Additionally con- 
sidering that the insulator 2 is generally free from thermoplastic residue at 850 °C, it is possible to definitively print the 
yelow ribbon 23 and the red colored numeral 24 on the insulator 2 without inviting blots thereon. 

Fig 2 shows a second embodiment of the invention in which new reference numerals are add to part components 
other than the part components designated by the respective reference numerals identical to those in Fig 1 

With reference to Table 2 ; a method of transferring the transfer marks is as follows: 

(1 ) On a high quality paper (mount sheet) 5 whose surface is smoothed by talc and/or smectite, a separable layer 
6 is screen printed which is prepared with acrylic material as a main constituent. The paper 5 is desiccate in a dry 
chamber at 1 30 °C for about 30 minutes. The acrylic separable layer 6 is thermoplasticized at a temperature lower 
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than a temperature pigment layers 7 a do respectively as described hereinafter 

The paper 5, which measuresO 2 mm in thickness, has a width dimension equivalent to a equi-diameter section 
220 of the head column 22 of the insulator 2. and having a length longer than a circumferential dimension of the 
equi-diameter section 220 An area of the separable layer 6 is greater than that of the yellow ribbon 23 and the 
s red colored numeral 24 

(2) On the separable layer 6 of the paper 5. the pigment layer 8 is screen printed with the use of the red transfer 
ink for expressing the red colored numeral 24 After printing the pigment layer 8 ; the paper 5 and the layer 8 are 
desiccated in the dry chamber at 130 °C for about 30 minutes 

(3) After desiccating them, another pigment layer 7 is screen printed on the paper 5 to partly overlap the pigment 
w layer 8 with the use of the yellow transfer ink for expressing the yellow ribbon 23. Then, the paper 5 thus treated 

is desiccated again in the dry chamber at 1 30 °C for about 30 minutes so as to provide a transfer sheet 50 

In this occasion, it is necessary to place a lower surface of the pigment layer 7 directly on the separable layer 
6, and partly placing it on the pigment layer 8 

It is to be observed that the transfer inks (red. yellow) are prepared by mixing red and yellow pigment with 
1$ PbO-Si0 2 based glass to form a mixture as shown at Table 2. An average gram diameter of the pigment powder 

is 1 0 urn in each of the constituents To a 70 volume part of the mixture thus treated, a 60 volume part of acrylic 
solution and a /0 volume part of a-terpinol are added to mix and knead them to provide the transfer inks (red and 
yellow) It is to be noted that the PbO-S0 2 based glass contains 30 % PbO by weight, and its grain diameter is 
1 2 p. on average. 



Tabic 2 



transfer mark 


red 


yellow 


constituents of pigment 


CdS 80 wt% 
Se 20 wt% 


Pb 3 0 4 60 wt°o 
Sb 2 O s 40 wt°o 


constituents of vitreous material and pigment 


PbO-Si0 2 70wt% 
pigment 30wt% 


PbO-SiOo 70wt% 
pigment 30wt% 



,4; Upon M t n of ci i ing the mr:iks Iiot, the ti,-,ns/oi sheet 50 the ir sulfite; 2 is neated in the range of a first prede- 
termined temperature (65—85 °C, preferably 70—60 °C) Then, thetransfer sheet 50 is pressed on the outer surface 
200 of the insulator 2 while revolving the insulator 2 around its central axis In this instance, the transfer sheet 50 
may be heated in the range of the first predetermined temperature instead of the insulator 2. 

When pressing the transfer sheet 50 on the insulator 2. the insulator 2 gives its heat to the thermoplastic 
separable layer 6 to soften it. thus reducing a bondage strength between the paper 5 and the separable layer 6. 
This makes it possible to readily separate the paper 5 from the separable layer 6 so as to transfer the pigment 
layers 7, 8 to the outer surface 200 of the insulator 2. 

(5) The insulator 2, to which the transfer marks are adhered : is heated to approx 850 3 C for 30 minutes so as to 
print the yellow ribbon 23 and red colored numeral 24 on the insulator 2 

In this instance, the printing temperature may be in the range of 750 - 850 °C At the time of heating the insulator 
2. the thermoplastic separable layer 6 disappears by evaporation. 

It is to be observed that after inserting the center electrode 3 into the axial bore 20 of the insulator 2 on which the 
transfer marks are printed in order to complete the assemble of the spark plug the same procedures are repeated as 
thnsn desenbori in the first embodiment of the invention 

With the separable layer 6 provided between the paper 5 and the pigment layers 7 8 it is possible to easily separate 
the paper 5 from the transfer sheet 50 In order to show a good separability of the paper 5 a tansfer experimental test 
was earned out to compare the transfer sheet 50 with a modified transfer sheet in which pigment layers ate directly 
placed on the paper 5 Upon carrying out the tansfer experimental test the insulator 2 is heated in the range of 50 — 
90 The transfer experimental test result is shown at Table 2 
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Table3 



temperature 


6 0'C 


7 0'C 


80"C 


9 0*C 


transfer sheet50 


A 


O 


Q 


A A 


modified 
transfer sheet 


X 


A 


O 


AA 



(*)Note 

X represents a total inability of transfer, 
A represents a partly inability of transfer, 
AA represents a transfer with blots, 



O represents at good 
definitiveness - 



transfer with an acceptable 



Table 3 shows that the transfer defections occur due to temperature variations in the modified transfer sheet be- 
cause the transferable temperature range of 75 -~ 85 °C (around 80 °C) is limited As the case with the transfer sheet 
50. it is possible to positively transfer the pigment layers 7. 6 in the wide range of 65 — 85 °C (preferably 70 — 80 °C) 
with no significant defections 

30 Figs 3 and 4 show third and fourth embodiment of the invention in which new reference numerals are add to part 

components other than the part components designated by the respective reference numerals identical to those in 
Figs 1 . 2 

A method of transferring the transfer marks 23, 24 is as follows: 

35 (1) in the third embodiment of the invention shown in Fig 3, the separable layer 6 is prepared in advance with 

acrylic material as a main constituent The separable layer 6 is screen printed on the high quality paper 5 whose 
surface is smoothed by talc and/or smectite. The paper 5 thus treated is placed in a dry chamber to desiccate it 
at 1 30 3 C for about 30 minutes so as to provide a transfer sheet 50a The acrylic separable layer 6 is thermoplas- 
ticized at a temperature lower than a temperature an adhesive layer 9 does as described hereinafter 

■to The paper 5 prepared herein has the same dimensions as those used in the second embodiment of the in- 

vention in which the area of the separable layer 6 is greater than the combined area of the yellow ribbon 23 and 
the red colored numeral 24. 

(2) On the separable layer 6 of the paper 5 the pigment layers 8. 7 are screen printed to express the red colored 
numeral 24 and the yellow ribbon 23 

(3) I hen. the pigment layers 8. 7 are desiccated at 130 °C tor about 30 minutes respectively 

(4) After desicoatmg the pigment layers 8 : 7 on the paper 5 an adhesive layer 9 is prepared from the acrylic 
material. The adhesive layer 9 has more acrylic ingredient than the separable layer 6 This is becuase the adhesive 
layer 9 is Ihermoplaslicized al a temperature higher lhan a temperature the separable layer 6 does Then, the 
adhesive layer 9 is scieen printed on the pigment layers 7. 8 of the paper 5 These layers 7, 8, 9 are desiccated 

so m the dry chamber at 1 30 °C for about 30 minutes so as to provide the transfer sheet 50a. 

In this instance, the transfer sheet 5Ca devoid of the separable layer 6 serves as a transfer sheet 51 according 
to the fourth embodiment of the invention as shown in Fig 4 

Upon comparing dcfinitivcncss of transfer marks as described hereinafter, first and second modification trans- 
fer sheets 50, 100 are prepared in which the same denotations are used as those shown in Figs 2 and 10 for the 
55 sake of analogy The first modification transfer sheet 50 has the separable layer 6 but not having the adhesive 

layer 9 The second modification transfer sheet 100 has neither the separable layer 6 nor the adhesive layer 9. 

The transfer inks (red : yellow) are prepared by mixing red and yellow pigment with PbO-Si0 2 based glass to 
form the mixture in the same manner as shown at Table 2 of the second embodiment of the invention 
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(5) Upon transferring the marks from the transfer sheet 50a or 51 the insulator 2 is heated in the transfer temper- 
ature range of approx 80 °C While revolving the insulator 2 around its central axis the transfer sheet 50a or 51 
is pressed on the outer surface of the insulator 2. 

As the case with the transfer sheet 50a. when pressing the transfer sheet 50a on the insulator 2. the insulator 
5 2 gives its heat to the thermoplastic separable layer 6 to soften it, thus significantly reducing the bondage strength 

between the paper 5 and the separable layer 6 This makes it easier to separate the paper 5 from the separable 
layer 6 so as to transfer the pigment layers 7. 8 to the outer surface 200 of the insulator 2 

(6) The transfer marks on the insulator 2 are heated to approx 850 °C for 30 minutes to print them as the yellow 
ribbon 23 and red colored numeral 24 on the insulator 2 in the same manner as described in the second embod iment 

w of the invention. The insulator 2 is heated such that the separable layer 6 disappeared by evaporation. 

It is to be observed that after inserting the center electrode 3 into the axial bore 20 of the insulator 2 on which the 
transfer marks are printed the same procedures are repeated to assemble the spark plug as those described at the 
first embodiment of the invention. 
15 Transferring and printing experimental tests were carried out by producing 100 lots in each of the transfer sheets 

50a, 51 and the modification transfer sheets 50, 100. The results are shown at Table 4. 



Table A 





defections observed 
in yellov ribbon 23 
and red-colored mimeral24 


def ini-tiveness 


transfer sheetSOa 


0/100 


OO 


transfer sheet. 51 


5/100 ' 


O 


transfer sheet 50 


15/100 


OO 


transfer sheetlOQ 


32/100 


O 



<* )Note 

35 

(OO) represents the yellow ribbon 23 and -the red colored 
numeral 24 with a strong contrast. 
40 ( o ) represents the yellow ribbon 23 and the red colored 

numeral 24 somewhat short of def init iveness . 

■*$ With the use of the transler sheet 50a. 51 . it is possible to acceptably transter the pigment layers 7. 6 to the outer 

surface 200 of the insulator 2 without grinding, smoothing and enameling the outer surface 200. This makes it possible 
to pnnt the yellow ribbon 23 and the rec colored numeral 24 on the outer surface 200 of the insulator 2 to an acceptable 
degree as shown al Table 4 

The ledsun \o\ these advantages dte do foi>uw^ 

50 When pressing the transfer sheet 50a on the insulator 2. the heated insulator 2 softens the thermoplastic separable 

of the pigment layers 7 8 This is all the more true when considering that the adhesive layer 9 adheres tightly to the 
outer surface 200 of the insulator 2. 

With the transfer sheet 51 in wthch the separable layer 6 not provided, when pressing the transfer sheet 51 on the 
*5 insulator 2. the heated insulator 2 softens the thermoplastic pigment iayers 7. 8. thus significantly reducing the bondage 
strength between the paper 5 and the pigment layers 7, 8. This makes it easierto separate the paper 5 from the pigment 
layers 7 8, thus facilitating their transfer to the insulator 2 

In both the cases, the adhesive layer 9 acts as an reinforcement to positively transfer the pigment layers 7. 8 



9 



BNSDCCID <EP 060207: A1 I 




EP 0 802 071 A1 

without defections when the outer surface 200 of the insulator 2 is in rough and undulating condition Upon printing 
the transfer marks at the print. ng temperature the pigment laye r s 7 8 are definitively appear respectively on the outer 
surface 200 of the irsulator 2 as the yellow rbbon 23 and the red colored numeral 24 

Figs 5 and 6 show a fifth and sixth embodiment of the invention respectively in wmch new reference njmerals 
5 are add to part components other than the part components designated by the respective reference numerals identical 
to those in Figs 1 through 4 

A method of Transferring the yelow ribbon 23 and the red colored number 24 is as follows 

(1 ) In the fifth embodiment cf the invention the separable layer 6 is preparea in advarce with acrylic material as 
to a mam constituent The separable layer 6 is screen printed on the high quality paper 5 whose surface is smoothed 

by talc and/o r amectite The paper 5 tnus treated is placed in a dry cnamber to desiccate it at 1 30 °C for abojt 30 
minutes so as to provide a transfer sheet 50b The acrylic separable layer 6 is thermopiasticized at a temperatu r e 
lower than the temperature the adhesive layer 9 does as mentioned hereinafter 

The paper 5 prepared herein also has the same dimensions as those described in the second embodiment 
15 of the invention m which tne area of the separable layer 6 is greater than the total area of the yellow ribbon 23 and 

the red colored numeral 24 

(2) On the separable layer 6 of the paper 5. the pigment layer 8. 7 are screen primed by the red transfer ink for 
expressing the red colored numeral 24 and the yellow ribbon 23 as described in the second embodiment of the 
invention 

20 (3) Then, ihe pigmenl layer 8 ; 7 on the paper 5 are desiccaled al i 30 °C for about 30 mnu'.es in the same manner 

as descnbed in the second embodiment of the invention 

(4) After desiccating the transfer marks on the paper 5 the adhesive layer 9 is screen printed on the paper 5 to 
provide a transfer sheet 50b On this occasion, an area of the adhesive layer 9 protrudes out of an area of the 
pigment layers 7. 8 without protruding out of an area of the separable layer 6 as shown in Fig 5 

25 

As the sixth embodiment of the invention the area of the adhesive layer 9 protrudes out of the area of the pigment 
layers 7 8, but having the same area of the separable layer 6 to provide a transfer sheet 50c as shown in Fig 6 

Additionally, the transfer sheet is divided into three categories (n), (in) depending on how the adhesive layer 9 
is printed on the paper 5 for the purpose of comparison 

30 

(i) First Modification Form 

The area of the adhesive layer 9 is defined without protruding out of the areas of the pigment layers 7 8 and 
the separable layer 6 to provide a transfer sheet 50d as shown in Fig. 7 
(n) Second Modification Form 

35 The area of the adhesive layer 9 is defined to protrude out of the areas of the pigment layers 7 8 and the 

separable layer 6 respectively to provide a transfer sheet 50e as shown in Fig. 6 

(in) Third Modification Form 

In addition to the category defined at (n), the areas of the pigment layers 7, 8 are defined to partly protrude 

out of the area of the separable layer 6 to provide a transfer sheet 50f as shown in Fig 9 
40 It is to be noted that the transfer inks (red, yellow) are prepared by mixing red and yellow pigment with PBO- 

Si0 2 based glass to form a mixture in the same manner as described in the second embodiment of the invention 

(5) Upon transferring the marks from the transfer sheet 50b or 50c (50d,50e,50f ), the insulator 2 is heated in the 
transfer temperature (preferably 70 — 80 °C) While revolving the insulator 2 around its central axis, the transfer 
sheet SOb or 50c (50d.50e.50f) is pressed on the outer surface 200 of the insulator 2 

45 \Q) The transfer marks on the insulator 2 are heated to approx 850 J 0 tor 30 minutes to print on them the insulator 

2 as the yellow ribbon 23 and red colored numeral 24 At this process the thermoplastic separable layer 6 is 
evaporated. 

It is to be noted that after inserting the center electrode 3 into the axial bore 20 of the insulator 2 on which the 
so transfer marks are printed the same procedures are repeated to assemble the spark plug as those described in the 
first embodiment of the invention 

With the arrangement among the separable layer 6. the adhesive layer 9 and the pigment layers 7, 8 according 
to the fifth and sixth embodiment of the invention, the relationship is expressed by the formula as an area of the 
separable layer 6 > an area of the adhesive layer > an area of the pigment layers 7. &, otherwise the area of the 
55 separable layer 6 > the area of the adhesive layer = the area of the pigment layers 7, 8, 

Upon transferring the pigment layers 7, 8. it is possible to positively separate the pigment layers 7 , 8 with the 
adhesive layer 9 from the paper 5 without retaining residues of the pigment layers 7, 8 on the paper 5 With the use 
of the transfer sheets 50b, 50c, it is possible to definitively print the pigment layers 7, 8 on the outer surface 200 of the 
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insulator 2 without defections 

With the use of the transfer sheet 50d of the first modification form it is difficult to fully transfer a part of the pigment 
layers 7. 8 which is not coated with the adhesive layer 9 

With the use of the transfer sheet 50e of the second modification form, there is likelihood that a part of the pigment 
5 layers 7. 8 falls off the insulator 2 when separating the paper 5 from the transfer sheet 50e since the adhesive layer 9 
coats an outer periphery of the pigment layers 7, 8 

With the use of the transfer sheet 50f of the third modification form it is difficult to fully transfer a pari of the pigment 
layers 7, 8 which protrudes out of the separable sheet 6 since the pigment layers 7, 8 deposits their outer periphery 
directly on the paper 5 

10 upon pressing the transfer sheet 50b (50c) on the insulator 2, the separable layer 6 softens sooner than the 

adhesive layer 9 and the pigment layers 7, 8 since the acrylic separable layer 6 thermoplasticizes at a temperature 
lower than the temperatures the adhesive layer 9 and the pigment layers 7. 8 do respectively This keeps the pigment 
layers 7, 8 in in an original good configuration upon tranferring them to the insulator 2 

It should be noted that the ceramic product includes not only the spark plug insulator but a semiconductor base 
is plate, rice bowl, tea bowl, dish plate, flower vase, pottery, toilet stool and the like. 

It should be also noted that the transfer figuration may be geometric figure, letter ideogram, symbol, denotation, 
pattern and the like instead of the ribbon and the numeral 

It should be appreciated that the chromophoric pigment may be represented by not only yellow and red but black, 
orange, blue, golden, silver, green and various types of colors. 
20 While the invention has been described with reference lo the specific embodiments il is understood that this 

description is not to be construed in a hmitting sense in as much as various modifications and additions to the specific 
embodiments may be made by skilled artisans without departing the scope of the invention 



25 Claims 

1. A transfer sheet comprising 

hp ink pmvtdPd hy mtymg a rinmophnrir pigment for exp'nssmg a neuron < -C>U >r ntior i a vitreous powder and 
30 thermoplastic res in; and 

a mount sheet made from a sheet of paper or plastic film on which an appropriate design is screen printed by 
the ink so as to form a pigment layer. 

2. A method of transferring a design from a transfer sheet in which a pigment layer is printed on a mount sheet using 
35 an ink comprising a mixture of a chromophoric pigment, a vitreous powder and thermoplastic resin, comprising 

the steps of: 

heating a ceramic product to a first temperature; 

tightly pressing the transfer sheet on an outer surface of the ceramic product to transfer the pigment thereto: 
JO and 

printing the pigment to the ceramic product at a second temperature. 

3. A method of transferring a design as recited in claim 2 wherein the ceramic product is curved and the transfer 
sheet is pressed on the ceramic ptoduct while revolving the ceramic product around an axis. 

-45 

4. A method of transferring a design as recited in claim 2 or 3. wherenn the first temperature is 60 ~ 1 50 °C. and the 

second temperature is in the range of 6C0 - 900 °C or more 

5. A ue'amie product on wh»u • U ie de^yr \ is pnr iled will: a plurality of uGioraliOi iS aucoidi? .g lu the i "ictriod as recited 
so in claim 2. 3 or 4. 

6. A ceramic product as recited in claim 5. wherein the ceramic product is a spark plug insulator and the design 
includes a geometric figure, letter, numeral ideogram, symbol denotation, mark or pattern. 

55 7. A transfer sheet comprising. 

a mount sheet: 

a separable layer prepared win a thermoplastic material as a main constituent to be formed on the mount 
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sheet and 

one or several pigment layers deposited on the separable layer alone isolated or m overlapped relationship 

8. In a transter sheet in which one or several design layers are deposited or the separable layer alone isolated or 
s in overlapped relationship so as to be pressed on a ceramic product for transferring to the ceramic proouct at a 

f rst temperature and printed on the ceramic proouct at a second temperature. 

the transfer sheet comprising 

a separable layer prepared with a thermoplastic materia asa mam constituent to be formed on the mount sneet 
to each of the pigment layers placing its lower surface on the separable layer or placing its lower surface on a 

lower one of the pigment layers 

9. A transfer sheet as recited in claim 7 or 8. wherein the pigment layer is a design screen printed on a transfer sheet 
using an ink comprising a mixture of a chromophoric pigment, a vitreous powder and thermoplastic resin, and the 

'5 pigment laye r thermoplasticizes at a higher temperature than the separable layer 

10. A transter sheet comprising: 

a mount sheet 

20 one or several pigment layers deposited on the mount sheet alone, isolated or in overlapped relationship and 

an adhesive layei prepared from a thermoplastic material to coat the pigment layer 

11. In a transter sheet in which one or several pigment layers are deposited on the mount sheet alone isolated or in 
overlapped relationship so as to be pressed on a ceramic product for transferring to the ceramic product at a 

25 transferring temperature and printed on the ceramic product at a printing temperature: 

the transfer sheet comprising: 

an adhesive layer prepared from a thermoplastic material and 
the pigment layers being coated with the adhesive layer 

30 

12. A transfer sheet as recited in claim 10 or 11, wherein a thermoplastic separable layer is provided between the 
mount sheet and the pigment layers 

13. A transfer sheet as recited in claim 10, 11 or 12, wherein the pigment layers are prepared from a chromophoric 
35 pigment made of metal or metallic compound, a vitreous powder and a thermoplastic material 

1 4. A transfer sheet as recited in claim 1 1 , wherein the ceramic product includes a spark plug insulator, semiconductor 
base plate, rice bowl ; dish plate, flower vase : pottery or toilet stool, while the pigment layer includes a geometric 
figure, letter, numeral, ideogram, symbol, denotation mark or pattern 



40 



50 



15. A transfer sheet comprising: 

a mount sheet; 

a separable layer prepared with a thermoplastic material as a main constituent to be formed on the mount sheet, 
one or several pigment layers made of a mixture of a enromophoric pigment tor expressing a desired color a 
vitreous powder and thermoplastic resin, the pigment layers being deposited on the separable layer alone, 
isolated or in overlapped relationship without protruding out of an area of the separable layer: and 
a thermoplastic adhesive layer deposited on the separable layer without protruding out of an area of Ihe sep- 
arable layer so as to coat an entire area of the pigment layer 

1 6. A transfer sheet as recited in claim 1 5, wherein the separable layer thermoplasticizes at a lower temperature than 
the pigment layer. 

1 7. A transfer sheet as recited in claim 15, or 16 which is pressed on a ceramic product at a transferring temperature 
at which the separable layer is heated to be in a softened or liquid state so as to thermally print the pigment layer 
thereon while revolving the ceramic product around its central axis. 
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Fig. 2 
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Fig. 3 
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Fig. A 
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Fig. 6 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig.11 



102 



F 




102 



101 



101A 



BNSDOCIC <E C OBG2071A1 I > 



24 



EP 0 802 071 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application .Number 

EP 97 30 2650 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
ot relevant passages 


Relevant 
to claim 


CLVSMKK ANON {)¥ 1 HK 
APPLK AllOfS (lmd.6) 


X 
X 


US 3 441 458 A (T. J . MILLIKEN) 

* column 1, line 9 - column 5, line 71 * 

GB 1 420 347 A (THE MEYERCORD CO.) 

* page 1, line 12 - page 4, line 17 * 


1-17 

1,2,4-16 


B44C1/17 
B41M3/12 
C04B41/45 


X 


US 4 068 033 A (H. MEADE) 

* column 2, line 50 - column 5, line 51 * 

* column 9, line 13 - column 16, line 2 * 


1,2,4-16 




X 


DE 44 14 270 A (M. NEUBERGER) 

* column 3, line 18 - column 5, line 35 * 


1,5-16 




X 


US 3 967 021 A (S. W. WEINGRAD) 

* column 2, 1 i ne 9 - column 5, line 14 * 


1,2,4-16 


j 



The present search report has been drawn up for all claims 



Pla;* of itirth 

THE HAGUE 



Pair oi mmpirttot ot I he v*cfc 

27 June 1997 



r 



IFCH VK Al ni l 1)5 
SKAJtCHKI) <lrU<l6; 



B44C 
B65C 
B41M 



F vaminrr 

Ooolan, G 



'A ! 



i MP 



pjMinilarU teles *m it taken alunL 

p jj !|i uldi ' v iflrwnt it ^mi.tmnaf mth «iIlL.tt"ii-t 

document ot rhe same categor* 

. rvon-wrmen disclosure 
intermedial* document 



V. ; earlier patrni dncttment, but published nn, nr 

nffer thi- filing date 
I) du^mneul jtvd it: fl; t j^ph^tiL'i- 
1. : document cited for other reasons 

& : member ot the same patent famiJ), corrcipnndint; 
document 



BNSDOCtD <EP 0802071 Ai ! > 



25 



